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Disclaimers

• We’re hopefully a few weeks away from public 
release of a wave of LHC results from the >35/pb 
2010 dataset... 

• so unfortunately, I don’t have new SUSY results to 
show you... everything is for ~70-300/nb

• I’ll bore you with the specifics of our old analyses

• I’ll also focus on large MET-signature searches... 
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Plan

• Flash a few slides about ATLAS

• Search Strategy

• Backgrounds

• Show some SM results

• Public SUSY Results
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28

Muon Spectrometer(|η|<2.7):
Air-core toroids with gas-based 
muon chambers 
Momentum resolution: < 10% up 
to Eμ ~ 1 TeV

Electromagnetic Calorimeter (Pb/LAr Accordion)
e/γ trigger, identification and measurement 
E-resolution: σ/E ~ 10%/√E ⊕ 0.007
Granularity: .025 x .025  strips

Inner Detectors
(|η|<2.5, B=2T): Si Pixels, Si strips, TRT Straws
 Precise tracking and vertexing
σ/pT ~ 3.8x10-4 pT (GeV) ⊕ 0.015

   p  
3.5 TeV

   p
3.5 TeV

2 T Solenoid

    46 m

22 m

Toroid 
magnets 

HAD calorimetry (|η|<3): 
Segmentation: 0.1 x 0.1 
Fe/scintillator Tiles (central)

E-resolution: σ/E ~ 50%/√E ⊕ 0.03
No Energy Flow Required

Cu/W-LAr (fwd) 
E-resolution: σ/E ~ 90%/√E ⊕ 0.07

Total mass ~ 7000 tonnes, installed 92 m underground.

ATLAS

~108 electronic channels 
3000 km of cables
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Operations
• 48.87/pb delivered by this 

morning since March 30th

• van der Meer Luminosity 
uncertainty of 11% will go 
down to 5%.

• Peak Lumi: 2.07 x 10 32 cm2 s-1

• Lumi weighted data-taking 
efficiency ~ 92%

RECORDS
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CHANNEL EFFICIENCY > ~97%

Detector Status
• Sources of data taking inefficiency:

• Si + Muons HV Ramp

• LArg Noise Bursts

• HV Trips (LArg/Tile)

• Fraction of good data after further 
reprocessing is higher
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March 30-Aug 30: Fraction of data (after stable beams declared)marked as 
good after 36-hours “calibration loop”, before start of reconstruction at Tier0

• Sources of channel inefficiency:

• Failing LArg Front-end Optical Transmitters 
(~1/month). So far1.5%.

• Failing SCT/Pixel Back-end Optical 
Transmitters (~a few/week). Replace as we 
go.

• Failing Tile Low voltage power-supplies and 
Front-end interconnectivity.

• No show stoppers... spares in production.

• Repairs during Christmas 9-day/1-side 
access

• LArg/Tile will repair ~50% of dead 

DATA TAKING EFFICENCY > 97%
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Search Strategy
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Searching for New Physics
• Standard things to look for:

• Resonances, deviations in angular distributions, cross-sections etc...

• Heavier W/Z’s (large range of theories with W’, Z’)

• High multiplicity final-states (eg black holes)

• Exotic signatures (eg long-lived particles)

• Large Missing Energy

• Many searches are motivated by the idea that new particles are copiously (strongly) produced 
at the LHC with decay chains that end in a DM candidate 

• Inclusively search for Large MET with Jets and/or leptons signatures.

• Covers a large range of new physics models... including R-Parity Conserving SUSY, UED, ...

• constitutes the primary LHC SUSY search strategy

•  The reason we consider these SUSY searches, is that it covers SUSY so well 

• there is a long history of using SUSY models and separating SUSY from “Exotics”... 
but we are beginning to move towards model independence. 
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Inclusive Signatures
Signature Motivating Model(s) Comments

1 Jet + 0 Lepton + MET

• Large Extra Dim (ExoGraviton)
• strong qG production, G propagate in extra Dim
• Planck Scale is MD in 4+δ dim
• Normal Gravity >> R

• SUSY
• qg→ISR + 2 Neutralino or squark + Neutralino

• Not primary discovery 
channel for SUGRA, GMSB, 
AMSB... but helps in 
characterization 
• Possible leading discovery 
for neutralino NLSP with 
nearly degenerate gluino

2,3,4 Jet + 0 Lepton + 
MET

• Squark/gluino production
• squark→q+LSP, gluino→q+squark+LSP

• Possible leading squark/
gluino discovery channel 
• Must manage QCD bkg

2,3,4 Jet + 1 Lepton + 
MET

• squark/gluino production with cascades which include electroweak 
(or partner) decays
• high tan β leads to more τ’s

• Lepton requirement 
suppresses QCD
• τ’s partially covered by e/μ

2 lepton + MET

• Same sign: gluino cascade can have either sign lepton... squark/gluino 
prod can produce same sign. 
• Opposite sign: squark/gluino decay dediated by Z (or partner)
• Same flavor: 2 leptons from same sparticle cascade must be same 
flavor

• Reduced SM backgrounds 
for same sign
• Opposite Sign-Flavor 
Subtraction

3 lepton + MET
• SUSY events ending in Chargino/neutralino pair decays
• Weak Chargino/Neutralino production
• Exotic sources

• Low SM bkgs

2 photon + MET • GMSB models with gravitino LSP and neutralino or stau NLSP
• UED- each KK partons cascade to LKP which decays to graviton + γ 

~ a dozen 
searches
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Selections & Model Dependence
• Some worry that the concentration on SUSY breaking models (specifically mSUGRA) 

obscured our sensitivity to other models...

• While SUSY is our back-drop, the selections used in our signature-based searches are in 
nearly all cases motivated by 

• trigger

• control of instrumental backgrounds

• avoidance of SM dominated regions 

➡ Signal models are not influencing our selections... 

• It is usually only in the interpretation (ie putting limits) that models are assumed

• here, we have been gradually adopting simplified models of new physics which are less model 
dependent.

• Note that it is possible that optimizing for specific models/parameters would provide 
better sensitivity in specific regions ...

• If we can identify problematic regions, we can make it up with dedicated searches...
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Coverage
• pMSSM (Conley, Gainer, Hewett, Le, Rizzo  arXiv:

1009.2539):

• 19 dim reduction of MSSM, sampled with masses 
< 1 TeV

• 98.8% discovered by at least one ATLAS search 
with 10/fb of 14 TeV data. 

• ATLAS looked at pMSSM, assuming 200/pb of 10 TeV

• Green is not found... rest is found

• Closer look showed that not found because:

• upper/right- low x-section

• didn’t consider b-jets channel

• low pT jets... difficult to see! 

• So it appears that ATLAS coverage is very good... we 
don’t miss much because of model bias. 

• Exact same searches give similar sensitivity to UED 
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Topology-based Models

• For example we consider 3 “topology-motivated” grids 
for Jet+MET signature:

• m(gluino) vs m(quark) assuming light LSP (0, 50, 100 
GeV)... other gauginos heavy

• m(gluino) vs m(chi0), assuming other masses high

• m(squark) vs m(chi0), assuming other masses high

• 1 lepton + Jet + MET grids are more complicated:

• M(sq) – M(chi2/chi+-) – M(chi1) (heavy gluino)

• M(sq) – M(chi2/chi+-) – M(sl) – M(chi1) (heavy gluino)

• M(gl) – M(chi2/chi+-) – M(chi1) (heavy squark)

• M(gl) – M(chi2/chi+-) – M(sl) – M(chi1) (heavy squark)

• And assuming chi1 is ~bino,  chi2 is ~wino,  M(chi2)=M(chi+-)

• Instead of using a SUSY breaking model with a manageable set of GUT-scale parameters, concentrate on 
simplified models of specific topologies that can lead to a given signature and the associated TeV scale 
parameters
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Heavy Flavor Topologies

MG
MLSP

MQ/B/T
MLSP

• Heavy Flavors is a good example of where Topological approach can help develop the search 
strategy.

• Heavy flavor topologies:

• eg gluino pair prod:

• eg squark pair prod:

• Difficult to turn a search in a specific signature into a limit on topologies parameters 
because topology to signature mapping is non-trivial... must weigh, etc

• But by studying how the kinematics of the topologies change with parameters, we can 
make sure that they are at least covered by our search strategy.
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Heavy Flavor Analysis Strategy

• Case 1: 2 high pT b-jets + large MET  

• Can cover topologies

• B->b+LSP or T->t+LSP w/ large ΔM(~g,χ0) 

• G->tb+LSP large ΔM

• Possibly low jet multiplicity

• Trigger: MET+jets, b-jets

• Case 3: 4 high pT b-jets  + large MET

• Generally 4b signatures with high ΔM

• Can cover topologies: Gluino->4b and 2t2b

• High b-tag multiplicity ( >=3?, 4?)

• Small backgrounds?

• Trigger: b-jet, MET+jets, multijets

• Case 2: 2 low pT b-jets + low MET  

• Extends into cases with low pT 3rd, 4th b-jet

• Can cover topologies (generally low ΔM)

• B->b+LSP or T->t+LSP w/ small ΔM 

• G->2b/2t2b+LSP (small ΔM) and G->2t+LSP

• Low pT b-tag optimization

• Event variables

• Trigger: b-jets,MET+jets

• Case 4: 4 low pT b-jets  + small MET

• Generally 4b signatures with low ΔM

• Can cover topologies: Gluino->4b, 2t2b, 4t

• High b-tag multiplicity ( >=3?, 4?)

• Small backgrounds?

• Trigger: b-jets, MET+jets

• Studying topologies show that 

• Observables are mostly dependent on ΔM(~g,χ0). Squark/gluino mass only 
effect x-section 

• Hard to create one analysis with good sensitivity in all signatures.

• Example strategy:
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Backgrounds
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Backgrounds
• Primary concerns:

• QCD: reducible background which is generally under control (ie brought to negligible levels) 
with MET cut, lepton or b-jet requirement, and/or topological variables... but we still need to 
estimate.

• W/Z+Jet

• Z(→νν)+Jet: irreducible background that must be estimated. 

• Top: significant for higher multiplicities signatures

• We strive for data-driven background estimations...

• In practice, most SUSY backgrounds are estimated with semi-data-driven methods 

• MC normalized to data in control region then extrapolated to signal region... ie we are 
relying on MC shapes. 

• Later I’ll show our simple techniques from summer... stay-tuned for more sophisticated 
approaches in next few weeks.

• Nonetheless our first SM measurements show that (N)NLO predictions (extrapolations from 2 
TeV) are very reliable... 

• This wasn’t obvious 1 year ago... so lets take a quick look at how NLO calculations are 
doing.
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Inclusive Jet x-section
• Measured jets corrected to particle-truth 

level (incl μ and ν) using parton-shower 
MC (Pythia, Herwig)

• Results compared to NLO QCD 
prediction after corrections for 
hadronization and underlying event

• Theoretical uncertainty: ~20% (up to 40% 
at large |yj|) from variation of PDF, αs, 
scale (μR, μF)

• Experimental uncertainty: ~30-40% 
dominated by JES (known to ~7%, )

• Luminosity uncertainty(11%) not included

• Good agreement data-NLO QCD over 
5 orders of magnitude
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Dijet x-section

• Leading Jet pT > 60 GeV, sub-leading > 30 GeV

• Good agreement.
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W x-section
• Measured at ~ 310/nb

• σ(W→lν)= 9.96±0.23(stat) 
±0.50(syst) ±1.10(lumi) nb

• σ(W→eν)= 10.51±0.34(stat)
±0.81(syst) ±1.16(lumi) nb

• σ(W→μν)= 9.58±0.30(stat) 
±0.50(syst) ±1.05(lumi) nb

• A = 0.20 ± 0.02 (stat) ± 0.01 
(syst)

• NNLO: σ(W→lν)= 10.46± 0.52 nb 

• Soon to constrain PDFs

• Dominant experimental 
uncertainties: 

• e: identification efficiency 

• μ: trigger + reconstruction 
efficiency
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Z x-section
• Measured ~ 315/nb

• σ(Z → ll) = 0.82 ± 0.06 (stat) ± 
0.05 (syst) ± 0.09 (lumi) nb

• σ(Z → ee) = 0.75 ±0.09(stat) 
±0.08(syst) ±0.08(lumi) nb 

• σ(Z → μμ) = 0.87 ±0.08 (stat) 
±0.07(syst) ±0.10(lumi) nb

• NNLO: (Z → ll) = 0.96 ±0.05 nb 
per family for 66<Mll <116GeV

• dominant experimental 
uncertainty: lepton reconstruction 
and identification

• Z+Jet x-section in progress.

• Z→μμ can be used to estimate 
Z→νν (though 6 times smaller)
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W+Jets x-section
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Figure 2: Summary of the systematic uncertainties on the cross section measurement shown as a function of jet multiplicity in the electron
channel (left) and leading-jet pT in the muon channel (right). The jet energy scale uncertainty includes the uncertainty on Emiss

T
. The

main contribution to the “sum of other uncertainties” in the electron channel comes from the QCD background (especially at high jet
multiplicities), the electron identification efficiency and the electron energy scale. For the muon channel, the main contribution is from the
muon reconstruction efficiency.
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Figure 3: W+jets cross-section results as a function of corrected jet multiplicity. Left: electron channel. Right: muon channel. The cross
sections are quoted in a limited and well-defined kinematic region, described in the text. For the data, the statistical uncertainties are shown
by the vertical bars, and the combined statistical and systematic uncertainties are shown by the hashed regions. Note that the uncertainties
are correlated from bin to bin. Also shown are predictions from PYTHIA, ALPGEN, SHERPA and MCFM, and the ratio of theoretical
predictions to data (PYTHIA is not shown in the ratio). The theoretical uncertainties are shown only for MCFM, which provides NLO
predictions for Njet ≤ 2 and a LO prediction for Njet = 3.
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submitted to Phys. Lett. BJet MCFM MCFM
multiplicity W → eν (nb) W → eν (nb) W → µν (nb) W → µν (nb)

≥ 0 4.53± 0.07 +0.35
−0.30

+0.58
−0.47 5.08+0.11

−0.30 4.58± 0.07 +0.38
−0.32

+0.61
−0.48 5.27+0.11

−0.32

≥ 1 0.84± 0.03+0.13
−0.10

+0.11
−0.09 0.81+0.02

−0.04 0.84± 0.03 +0.11
−0.09

+0.11
−0.09 0.84+0.02

−0.04

≥ 2 0.21± 0.01 +0.04
−0.03

+0.03
−0.02 0.21+0.01

−0.02 0.23± 0.02 +0.04
−0.03

+0.03
−0.02 0.21+0.01

−0.02

≥ 3 0.047± 0.007+0.014
−0.011

+0.008
−0.006 0.05± 0.02 0.064± 0.008 +0.016

−0.014
+0.010
−0.008 0.05± 0.02

≥ 4 - - 0.019± 0.005± 0.006 +0.004
−0.003 -

Table 4: The measured cross section times leptonic branching ratio for W+jets in the electron and muon channels as a function of corrected
jet multiplicity with (in order) statistical, systematic, and luminosity uncertainties. The cross sections are quoted in a limited and well-defined
kinematic region, described in the text. The measurement was not performed in the inclusive 4-jet bin in the electron channel because of the
poor signal-to-background ratio. Theoretical predictions from MCFM are also shown, with all uncertainties combined. MCFM provides NLO
predictions for Njet ≤ 2 and a LO prediction for Njet = 3.

Jet MCFM MCFM
multiplicity W → eν W → eν W → µν W → µν

≥ 1/ ≥ 0 0.185± 0.007+0.025
−0.019 0.159+0.006

−0.005 0.183± 0.007+0.023
−0.020 0.160+0.006

−0.005

≥ 2/ ≥ 1 0.250± 0.019+0.019
−0.010 0.255+0.017

−0.022 0.274± 0.020+0.018
−0.011 0.255+0.017

−0.021

≥ 3/ ≥ 2 0.224± 0.037± 0.022 0.241+0.108
−0.061 0.278± 0.041+0.024

−0.020 0.242+0.104
−0.061

≥ 4/ ≥ 3 - - 0.297± 0.088+0.037
−0.026 -

Table 5: The measured cross section ratio for W+jets in the electron and muon channels as a function of corrected jet multiplicity with (in
order) statistical and systematic uncertainties. The cross section ratios are quoted in a limited and well-defined kinematic region, described
in the text. The measurement was not performed in the inclusive 4-jet bin in the electron channel because of the poor signal-to-background
ratio. Theoretical predictions from MCFM are also shown, with all uncertainties combined. MCFM provides NLO predictions for Njet ≤ 2
and a LO prediction for Njet = 3.

αs was also taken into account. An alternative PDF set,
MSTW2008 [13], with its set of 68% C.L. eigenvectors was
also examined, and the envelope of the uncertainties from
CTEQ6.6 and MSTW2008 was taken as the final PDF
uncertainty. The total resulting uncertainties are given in
Tables 4 and 5.

In conclusion, this Letter presents a measurement of
the W+jets cross section as a function of jet multiplic-
ity in pp collisions at

√
s = 7 TeV in both electron and

muon decay modes of the W boson, based on an inte-
grated luminosity of 1.3 pb−1 recorded with the ATLAS
detector. Measurements are also presented of the ratio of
cross sections σ(W+ ≥ n)/σ(W+ ≥ n − 1) for inclusive
jet multiplicities n = 1 − 4, and of the pT distribution
of the leading and next-to-leading jets in the event. The
results have been corrected for all known detector effects
and are quoted in a limited and well-defined range of jet

and lepton kinematics. This range is fully covered by the
detector acceptance, so as to avoid model-dependent ex-
trapolations and to facilitate comparisons with theoretical
predictions. As expected, the PYTHIA samples consid-
ered, which contain a 2 → 1 matrix element merged with
a 2 → 2 matrix element and a leading-logarithmic parton
shower, dies not provide a good description of the data
for jet multiplicities greater than one. Good agreement is
observed with the predictions of the multi-parton matrix
element generators ALPGEN and SHERPA. Calculations
based on O(α2

s ) matrix elements in MCFM (available for
jet multiplicities n ≤ 2) are also in good agreement with
the data.
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• Can also be used to estimate 
Z→νν
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Inclusive Direct Photon
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• Backgrounds to photon
+MET

• γ+Jet and diphoton x-
sections are next

• But γ+Jet is also interesting 
because it allows estimating 
Z(→νν)+Jet.

• Higher statistics than 
Z→ll or W.

Rishiraj Pravahan                                                                                                                                       University of Texas Arlington18

Data Driven Background Estimation Method

The Concept :

The production mechanism for Z → νν + Jets and 
ϒ + Jets from hard processes are the same 
except for the couplings and Z-mass

the ratio :

should stabilize at high PT, then we can use ϒ’s PT

+ ETMiss to estimate ETMiss from Z → νν

Z→νν+jets
γ+jets

✓ The above distribution gives the pure 
ϒ PT (ETCluster) for 1.84 pb-1 of ATLAS data 
at √s=7 TeV
✓ Studies are ongoing to get the Z→vv 
contribution using the above. 
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Data Driven Background Estimation Method

The Concept :

The production mechanism for Z → νν + Jets and 
ϒ + Jets from hard processes are the same 
except for the couplings and Z-mass

the ratio :

should stabilize at high PT, then we can use ϒ’s PT

+ ETMiss to estimate ETMiss from Z → νν

Z→νν+jets
γ+jets

✓ The above distribution gives the pure 
ϒ PT (ETCluster) for 1.84 pb-1 of ATLAS data 
at √s=7 TeV
✓ Studies are ongoing to get the Z→vv 
contribution using the above. 

• The ratio 

                 stabilizes at high pT

880/nb
arXiv:1012.4389

submitted to Phys. Rev. D
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Top

• Measured in lepton
+Jet and dilepton.

Cross-section [pb] Signal significance [σ]

Single lepton channels 142 ± 34 +50−31 4.0

Dilepton channels 151 +78−62
+37
−24 2.8

All channels 145 ± 31 +42−27 4.8

Table 11: Summary of tt̄ cross-section and signal significance calculated by combining the single lepton
and dilepton channels individually and for all channels combined.

8 Summary

Measurements of the tt̄ production cross-section in the single-lepton and dilepton channels using the
ATLAS detector are reported. In a sample of 2.9 pb−1, 37 tt̄ candidate events are observed in the single-
lepton topology, as well as 9 candidate events in the dilepton topology, resulting in a measurement of the
inclusive tt̄ cross-section of

σtt̄ = 145 ± 31 +42−27 pb .
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Figure 9: Top quark pair-production cross-section at hadron colliders as measured by CDF and D0 at
Tevatron [3], CMS [4] and ATLAS (this measurement). The theoretical predictions for pp and pp̄ colli-
sions [33] include the scale and PDF uncertainties, obtained using the HATHOR tool with the CTEQ6.6
PDFs [34] and assume a top-quark mass of 172.5 GeV.

This is the first ATLAS Collaboration measurement making simultaneous use of reconstructed electrons,
muons, jets, b-tagged jets and missing transverse energy, therefore exploiting the full capacity of the
detector. The combined measurement, consisting of the first measurement of the tt̄ cross-section in
the single-lepton channel at the LHC and a measurement in the dilepton channel, is the most precise
measurement to date of the tt̄ cross-section at

√
s = 7 TeV.

The cross-sections measured in each of the five sub-channels are consistent with each other and
kinematic properties of the selected events are consistent with SM tt̄ production. The measured tt̄ cross-
section is in good agreement with the measurement in the dilepton channel by CMS [4], as well as

27
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Figure 9: Top quark pair-production cross-section at hadron colliders as measured by CDF and D0 at
Tevatron [3], CMS [4] and ATLAS (this measurement). The theoretical predictions for pp and pp̄ colli-
sions [33] include the scale and PDF uncertainties, obtained using the HATHOR tool with the CTEQ6.6
PDFs [34] and assume a top-quark mass of 172.5 GeV.

This is the first ATLAS Collaboration measurement making simultaneous use of reconstructed electrons,
muons, jets, b-tagged jets and missing transverse energy, therefore exploiting the full capacity of the
detector. The combined measurement, consisting of the first measurement of the tt̄ cross-section in
the single-lepton channel at the LHC and a measurement in the dilepton channel, is the most precise
measurement to date of the tt̄ cross-section at

√
s = 7 TeV.

The cross-sections measured in each of the five sub-channels are consistent with each other and
kinematic properties of the selected events are consistent with SM tt̄ production. The measured tt̄ cross-
section is in good agreement with the measurement in the dilepton channel by CMS [4], as well as
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2.9/pb
arXiv:1012.1792

submitted to EPJC
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SUSY in Data
• Summer ~70/nb searches

• Inputs: Jets, MET, [leptons]

• Selections

• Results

24Monday, January 10, 2011



Jets
• Jets built on “topological clusters” 

• Corrected (in η/pT bins)

• calorimeter non-compensation

• dead material, etc. 

• Corrections Derived from MC 

• tuned with “combined test-beam” data
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• JES uncertainty ~ 7%... goal 1%

• From Systematic Studies in MC

• Checked in data:

• Single particles

• Dijet balance
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MET
• Calorimeter based + muons... objects identified/corrected 

• Under control:

• Calorimeter performance: noise, coherent noise, dead cells, mis-calibrations, 
cracks, etc. 

• Event cleaning: Cosmics and beam-related backgrounds (“Event cleaning”)
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Calibrated ETmiss from minimum-bias events

04/10/2010           M. Lefebvre - U. of Victoria, Canada - LAPP, France           LHC Days in Split 2010

Missing ET Performance

Calibrated missing ET distributions and 
tails in minimum bias events are well 
described by the simulation
Missing ET resolution in the data in good 
agreement with the simulation before and 
after cluster and cell level calibrations

21
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MET with Jets

• Some data/MC disagreement in MET 
for events with high pT jets

• But tails are generally under 
control

• Smearing Jets in MC to reproduce 
Data Jet performance produces 
good Data/MC agreement in MET

04/10/2010           M. Lefebvre - U. of Victoria, Canada - LAPP, France           LHC Days in Split 2010

Missing ET Performance
Dependence on event topology
• in events with large hadronic activity, for example with high pT jets, the 

missing ET resolution degrades
• applying calibration (LCW shown here) restores some of the lost 

resolution

22
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Basic Variables

Missing ET calculated from events with 

at least one jet, with pT > 20 GeV at EM 

scale. 

Only topocluster cells used. 

!"#Three channel types considered in this talk:

Jets + EtMiss

- without leptons

- with leptons

- with b-tagging

See talk by Michel!Lefebvre 

“Jets/MET in ATLAS”

Effective mass

Calorimeter cells at EM scale + muons

Missing transverse energy

7

Uncalibrated Calibrated
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Pre-Selections
• Good run/lumi block

• At least 1 vertex with at least 5 tracks

• Jet Cleaning (for noise, cosmics) (1% rejection). 

• Reject events with any bad Jets (for MET)

• Anti-Kt R=0.4 Topo Cluster Jets  (|η|<2.5, pT>20 GeV)

• Medium (based on shower shape, pixel hit, d0) Isolated 
(etcone20 < 10GeV) Electrons (|η|<2.47, pT>10 GeV)

• Avoid dead OTX and crack

• Combined Isolated (etcone20 < 10GeV) Muons (|η|
<2.4, pT>10 GeV)

• MET calculated from em-scale Topo-clusters and 
selected muons

• Overlap Removal

• R(jet,electron) < 0.2 

➡ reject jet

•  0.2 < R(jet,electron) < 0.4 

➡ veto electron

•  R(jet,muon) < 0.4

➡  veto muon

Marie-Hélène Genest 01/07/2010 p. 7

Trigger requirements
e, eµ and ee channels:  

EF_g10_loose : loosest e/! HLT chain
gamma rather than electron: HLT tracking not fully efficient for the earlier data

µ and µµ channels:

L1_MU6 : lowest threshold unprescaled for ICHEP

Both triggers should be in plateau of efficiency for 20GeV offline lepton.

85 ± 5%81 ± 5%EF_g10_loose
93 ± 3%82 ± 4%L1_MU6 (1.05<|"|<2.4)

80 ± 3%73 ± 5%L1_MU6 (|"|<1.05 )
#MC#dataTrigger

0 lepton: Calo Trigger

70/nb analysis
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Event Selections

• 1/2 Lepton

• 2 Jets > 30 GeV

• Exactly 1 or 2  lepton(s) > 10 GeV ➔ 1/2 lepton

• Require: 1 lepton > 20 GeV

• 0 Lepton

• No leptons >10 GeV

Number of jets Monojets ≥ 2 jets ≥ 3 jets ≥ 4 jets
Leading jet pT (GeV) > 70 > 70 > 70 > 70
Subsequent jets pT (GeV) veto if > 30 > 30 > 30 (Jets 2 and 3) > 30 (Jets 2 to 4)
EmissT > 40 GeV > 40 GeV > 40 GeV > 40 GeV
!φ(jeti,�EmissT ) no cut [> 0.2,> 0.2] [> 0.2,> 0.2,> 0.2] [> 0.2,> 0.2,> 0.2,> 0]
EmissT > f ×Meff no cut f = 0.3 f = 0.25 f = 0.2

Table 2: Cuts on the pT of the leading jet, the pT of the other jets and the missing transverse momentum.
The cuts are shown for each of the studied jet multiplicities.

1. If an electron and a jet are found within !R < 0.2, the object is interpreted as an electron and the
overlapping ‘jet’ is ignored.

2. If a muon and a jet are found within !R< 0.4, the object is treated as a jet and the muon is rejected.

3. If an electron and a jet are found within 0.2 ≤ !R < 0.4, the object is interpreted as jet and the
nearby ‘electron’ is ignored.

5 Event selection

The data presented were collected from March to July 2010. From all data taken at a centre-of-mass
energy of 7 TeV during periods when the LHC declared stable beams, only those when the detector high
voltage was in an optimal condition were selected. In addition both the solenoid and toroid magnets
must be on at their nominal fields to allow good momentum measurements for the electrons and muons.
We also require that each of the sub-detectors’ responses and the main criteria for electron, muon, and
jet identification as well as energy and momentum computations do not deviate from their expected
behaviour. This includes the systems needed for missing momentum reconstruction, as well as the first
level trigger systems required for jet selection. These basic data-quality requirements resulted in a total
integrated luminosity of 70±8nb−1.

The event selection proceeds as follows. Any event containing a bad jet (as defined in Section 4.1) is
rejected. Events are also rejected if they contain no primary vertex with at least five associated tracks. The
vertex requirement removes approximately 1.5× 10−3 of the triggered events. Events are also rejected
if they contain any reconstructed leptons (e or µ) with pT > 10 GeV.3) The final selection requirements
on jet momenta, EmissT ,Meff (defined in equation 3 in Appendix A) and the angle between the jets and the
�EmissT two-vector are detailed in Table 2.

The choice of selection variables has been informed by previous Monte Carlo studies [6,24]. For the
early measurements presented in this note the selection thresholds (Table 2) have been reduced relative to
the earlier Monte Carlo studies providing a larger sample of events to compare with the Standard Model
expectations.

Trigger Efficiency The trigger efficiency has been studied for the initial LHC running scenario. The
triggers used are the calorimeter jet triggers of the first trigger level (L1). The higher trigger levels were
set in a state which permitted all events passing the L1 jet trigger to pass.

The efficiency has been measured with data relative to the minimum bias trigger and compared to the
Monte Carlo trigger simulation. The trigger is fully efficient for jets with pT above 50 GeV. The plateau
3)A separate note analysing events containing one or more leptons can be found elsewhere [31].

7

Meff=ΣpT+MET
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QCD Background Estimation
• 0 lepton: 

• The selected 2 jets sample is expected to be dominated by QCD. 

➡ 176000 PYTHIA vs 108239 in Data

➡  absolute PYTHIA to data normalization factor = 0.61

• give our data stats, shape of distributions agree between PYTHIA and 
ALPGEN (n=2,3,4,5 parton) 

➡ Assume shape is well described by MC 

• 1/2 lepton:

• For each sample calculate “MC to data factor” in QCD dominated region:

• mT < 40 GeV / MET < 40 GeV

• assign 100% systematic error

June 24, 2010 – 11 : 53 DRAFT 8

Data Monte Carlo Normalization factor
Electron channel 24 52.50 0.46±0.12
Muon channel 5 6.81 0.72±0.33

Table 2: The numbers of events in data and the Monte Carlo expectations are shown in the control
region used to normalize the QCD dijet background. The control region is defined by mT < 40 GeV
and Emiss

T < 40 GeV. The statistical uncertainties from the background normalization are treated as a
systematic uncertainty in the QCD prediction in the signal region.

results are compared to a normalized QCD PYTHIA prediction and to Monte Carlo expectation for the234

W± + jets, Z0 + jets and top pair production.235

The selection efficiency times branching ratios for the SU4 SUSY model point used for comparison236

was 6.1% for the electron mode and 5.4% for the muon mode of the 1-lepton analysis.237

Normalization of the PYTHIA QCD expectation The PYTHIA QCD Monte Carlo is only leading order238

in the strong coupling constant and thus is not expected to correctly describe the absolute normalization239

of the dijet cross section.240

A control region is defined to rescale the absolute normalization of PYTHIA to the data. The selection
criteria for the control region are a cut on the transverse mass mT < 40 GeV and the requirement of
missing transverse momentum < 40 GeV where the transverse mass of the lepton and the Emiss

T two-
vector is defined by

m2
T ≡ 2|p�

T ||Emiss
T |−2p�

T · �Emiss
T .

This region is expected from simulation to be dominated by QCD dijet production. The normaliza-241

tion factors are shown in Table 2. To allow for any differences between data and Monte Carlo in the242

rate at which QCD events lead to reconstructed electrons or muons, the normalization factor is derived243

separately for each lepton species.244

Events in the dilepton channel are normalized to the QCD cross section in the region 5 < mll <245

15 GeV and Emiss
T < 15 GeV where the QCD background is expected to dominate. The numbers of246

events in the data and in the control samples for the normalization are small (see Table 3). The QCD247

samples are rescaled by the ratio of Data/Monte Carlo in the corresponding control region, and the248

resulting statistical uncertainties from are propagated forward as an overall systematic uncertainty in the249

relevant prediction.250

Channel Data Monte Carlo Data/Monte Carlo
e e 3 6.3±3.5 0.4±0.4
e µ 1 1.0±0.4 1.0±1.0
µ µ 3 0.6±0.3 4.9±3.7

Table 3: Number of data events in the QCD control region for the di-lepton channel, the Monte Carlo
expectation, and their ratio together with its uncertainty.

7.3 Kinematic variables plotted251

Selections and distributions are made in the following variables.252

Data Monte Carlo Normalization factor
Electron channel 101 245 0.41±0.08
Muon channel 15 31.4 0.48±0.12

Table 2: The numbers of events in data and the Monte Carlo expectations are shown in the control
region used to normalise the QCD dijet background. The control region is defined by mT < 40 GeV and
EmissT < 40 GeV.

that the status of the sub-detectors be sufficiently good that electron, muon, and jet identification as
well as energy and momentum computations do not deviate significantly from their expected behaviour.
This includes the systems needed for missing transverse momentum reconstruction, as well as the single
lepton trigger systems. These basic data-quality requirements resulted in a total integrated luminosity of
70±8nb−1 (the same such requirements are used for the electron and muon modes).

In all channels, events are vetoed if an electron passes the object selection in the electromagnetic
calorimeter transition region 1.37< |η | < 1.52. The cut is applied to exclude electrons reconstructed in
the barrel-endcap transition region of the electromagnetic calorimeter that will not be properly calibrated
with early data. We also veto events with a calorimeter problem in the region covered by the cluster
associated to an electron object.

In addition to the electron crack veto described in Section 5.1, the pre-selection cuts are as follows.

1. Require that events have at least one well-reconstructed lepton (electron or muon) with pT >
10 GeV. 3)

2. Reject events which contain a bad jet as described in Section 5.1. The fraction of triggered events
removed by this requirement is about 2×10−4 in both the muon and the electron triggered samples.

3. Reject events which do not contain a primary vertex with at least five associated tracks. This cut
removes about 3×10−3 of the remaining events in the electron-triggered channel and about 15%
of the remaining events in the muon-triggered channel. A larger proportion of the events fail this
cut in the early data runs when the instantaneous luminosity was relatively smaller suggesting that
a significant proportion of the events rejected are unrelated to the proton-proton collisions.

Further selections are applied for both the one lepton channels and for the dilepton channels.

• One lepton channels: there must be exactly one lepton with pT > 10 GeV and that lepton must have
pT > 20 GeV. Two or more good jets with pseudorapidity |η |< 2.5 and jet transverse momentum
pT > 30 GeV are required.

• Dilepton channels: there should be two or more leptons with pT > 10 GeV, at least one of which
must have pT > 20 GeV. The dilepton invariant mass must be larger than 5 GeV.

7 Control regions and sample normalization

Normalization of the PYTHIAQCD expectation The PYTHIA QCDMonte Carlo is only leading order
in the strong coupling constant and thus is not expected to correctly describe the absolute normalization
of the dijet cross section.

A control region is defined to rescale the absolute normalization of PYTHIA to the data. The selection
criteria for the control region are a cut on the transverse mass mT < 40 GeV and the requirement of
3)A separate analysis for events without leptons can be found elsewhere [27].

7

We now build QCD 
control regions by reversing 

the ΔΦ(Jets,MET) cut
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W+Jet Backgrounds
• 0 Lepton (use MC due to low stats at the time)

• W/Z+Jets: Alpgen (W/Z+n parton) + Herwig + Jimmy + CTEQ6L1. 
FEWZ for NNLO x-section (for final-states with neutrinos)

• tt: MC@NLO + HERWIG + JIMMY + CTEQ6.6

• 1/2 Lepton

• W + n Jets (n > 1): 

• normalize to 30 < MET < 50 GeV / 40 < MT < 80 GeV region.

• assign 50% systematic for extrapolation to signal region

Channel Observed W expectation Other SM expectation
Electron 6 2.2 0.8
Muon 4 2.1 0.3

Table 3: Number of observed and expected events in theW± + jets control region.

missing transverse momentum EmissT < 40 GeV where the transverse mass of the lepton and the EmissT
two-vector is defined by

m2T ≡ 2|p�
T||EmissT |−2p�

T · �EmissT .

This region is expected from simulation to be dominated by QCD dijet production. The normaliza-
tion factors are shown in Table 2. To allow for any differences between data and Monte Carlo in the
rate at which QCD events lead to reconstructed electrons or muons, the normalization factor is derived
separately for each lepton species.

Events in the dilepton channel are normalized to the QCD cross section. The normalization was veri-
fied in a control region defined by 5<mll < 15 GeV and EmissT < 15 GeV where the QCD background is
expected to dominate. We have assigned a total systematic uncertainty of 100% to the QCD background
in the dilepton channel.

Normalization of the ALPGENW± + jets expectation For higher jet multiplicities the normalization of
theW± + jets prediction can suffer from higher order corrections which have been found to be significant
at the Tevatron [28].

The normalization of theW± +jet prediction for ≥ 2 jets has therefore been determined in a separate
control region in which 30 GeV< EmissT < 50 GeV and 40 GeV<MT < 80 GeV. The numbers of events
expected and measured in this control region can be found in Table 3. The normalization factor for the
control region was calculated to be 2.1±1.0. The uncertainty in the normalization factor is large because
of the small number of events in the control region but the factor is consistent with one. A systematic
uncertainty was assigned in addition to the extrapolation of this number from the control region to the
full phase space. The total conservative uncertainty assigned to this prediction is 50%.

8 Systematic uncertainties

To estimate the Standard Model prediction several of the most important sources of experimental system-
atic uncertainties on the Monte Carlo predictions have been considered. Firstly the uncertainty associated
with the measurement of the calorimeter energy scale was estimated using a parameterization of the en-
ergy scale as a function of jet pT and η [29]. This procedure was designed to produce a conservative
estimate of the uncertainty. Jets have a fractional uncertainty of typically 10% if the jet transverse mo-
mentum is in the range 20< pT < 60GeV and 7% for jets at higher pT. The effect of the change in energy
scale was applied in a fully correlated way to jets in all Monte Carlo samples and to the component of
the missing transverse momentum from clusters associated with those jets.

The lepton fake rate was studied by reversing the lepton isolation criteria with good agreement be-
tween the data and the QCD Monte Carlo simulation being found. The QCD background procedure
was also compared with the ALPGEN QCD sample and again satisfactory agreement was found. From
those studies a conservative systematic uncertainty of 50% is assigned to the overall normalization of the
QCD prediction to the one-lepton channels. The uncertainty for the 2-lepton channels is 100%. We have
attributed a 60% normalization uncertainty for Z + jets production.

8
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Results

Monojet ≥ 2 jets ≥ 3 jets ≥ 4 jets
Data Monte Carlo Data Monte Carlo Data Monte Carlo Data Monte Carlo

After jet cuts 21227 23000+7000
−6000 108239 108000+31000

−25000 28697 31000+10000
−8000 5329 5600+2300

−1600

∩ EmissT cut 73 46+22
−14 650 450+190

−120 325 230+100
−70 116 84+45

−30
∩ !φ and
EmissT cuts – – 280 200+110

−65 136 100+55
−30 54 43+26

−16

∩ EmissT /Meff,
!φ and EmissT
cuts

– – 4 6.6±3 0 1.9±0.9 1 1.0±0.6

Table 3: The number of events passing the selection for each jet multiplicity, for data, and as predicted
from the Monte Carlo simulation. The first row shows the numbers after the jet cuts described for
each jet multiplicity in Table 2. The second row shows the numbers after a further selection requiring
EmissT > 40 GeV. The numbers are shown after rescaling the QCD background Monte Carlo sample by
the normalization factor as found in Section 6.1. The combined statistical and systematic uncertainty is
included for each Monte Carlo prediction.

No attempt was made in this early analysis to subdivide the resulting systematic uncertainties in the
part correlated between bins and channels and the part uncorrelated between bins and channels. Likewise
were the QCD normalization factors not re-determined for each variation of the jet energy scale leading
to a conservative uncertainty.

The uncertainty in the integrated luminosity is estimated to result in a normalization error of 11% for
the W± + jets, Z0 + jets and tt̄ production. No theoretical uncertainty was assigned to the Monte Carlo
predictions; the uncertainty on the normalization of theW± + jets and Z0 + jets is likely to be significant
and will be determined from control regions in future studies.

Uncertainties associated with the trigger efficiency, and electron and muon identification efficiency
are small by comparison.

The statistical uncertainty (assumed to be
√
N) on the Monte Carlo prediction and all systematic

uncertainties are added in quadrature. The resulting total uncertainty is dominated by the uncertainties in
the calorimeter energy scale, normalization factors for the Monte Carlo cross sections and the luminosity.

The numbers of events passing different stages of the selection are shown in Table 3. It should be
noted that the≥ 2, ≥ 3 and≥ 4-jet analyses overlap, so there are correlations between the corresponding
entries in the Table. The agreement between the numbers in the upper line (‘After jet cuts’) shows that
the QCD normalization factor (which was calculated for the ≥ 2-jet channel) is also providing a good
description of the overall normalization in the monojet,≥ 3-jet and≥ 4-jet channels. The jet energy scale
uncertainty is currently used to estimate the EmissT uncertainty, so a change in that scale will produce a
correlated change the number of events in the various selection after the EmissT requirement. Since the
numbers of observed events after the EmissT cut are each within about 1σ of the expectation, the overall
agreement can be considered good given the systematic uncertainty in the predictions.

6.4 Distributions

The data are shown for all distributions as points with error bars to allow the reader to estimate the
statistical uncertainty. The error bars show the Poisson coverage interval corresponding to the number
of data events in each bin. All results are compared to a normalized QCD PYTHIA prediction and to the
Monte Carlo expectation for theW± + jets, Z0 + jets and tt̄ production.
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• No limits calculated by ATLAS... just raw yields and plots

• See Jay Wacker’s talk on their interpretation of our results

• No deviations from SM observed

70/pb
ATLAS-CONF-2010-065

All Hadronic
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Results
Electron channel Muon channel

Selection Data Monte Carlo Data Monte Carlo
pT(�) > 20 GeV ∩
≥ 2 jets with pT > 30 GeV 143 157 ± 85 40 37 ± 14

∩ EmissT > 30 GeV 13 16 ± 7 17 15 ± 7
∩ mT > 100 GeV 2 3.6 ± 1.6 1 2.8 ± 1.2

Table 4: Number of events observed and predicted at several stages of the single lepton selection. As
described in Section 7, the Monte Carlo predictions have been normalised to the data in control regions
which overlap all but the final selection.
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Figure 1: Distributions of the missing transverse momentum for events in the electron channel, without
(a) and with (b) a cut on the transverse mass mT > 100 GeV. No requirement on EmissT has been applied.
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Figure 2: Distributions of the missing transverse momentum for events in the muon channel, without (a)
and with (b) a cut on the transverse mass mT > 100 GeV. No requirement on EmissT has been applied.
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Results
Two Lepton 70/pb

ATLAS-CONF-2010-066
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Results

• High tan β 

• Secondary vertex b-tagging algorithm:

• Decay length significance: L/s> 6

• b-tagging ~ 50% Eff 

• Rejection >98%(light),>80%(charm)

• Di-jet channel: “2-j (70,30)”, at least one b-jet 

• lepton+jets channel

• One isolated muon

• > 2-jets (30,30) at least one b-jet 

• ETmiss/√∑ET > 2 GeV
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Evolution up to 2 fb-1 
DISCRETE 2010 V. A. Mitsou 

29 

simulation studies 

ATLAS-PHYS-PUB-2010-010 

•! With 1 fb-1 squark and gluino masses up to 600-700 GeV can be discovered 

•! Systematic uncertainties included 

•! Caveat: excess of events is not enough 

!! possibly other physics beyond the Standard Model  

!! further precision measurements required  

SUSY Prospects
• Best reach in 0 lepton + 4 

Jets + MET

• All Hadronic channels 
present a Trigger 
challenge 

!"!#$%&'()*+,($-'&$,.*$/$0*1$234

17

!4*5$(*4(6,676,8$(,398$-'&$:(;/$0*1

!<=48$64+>3(67*$+.=44*>($

!*?=<)>*@$AB0C<6(($D$E$F*,($D$G$>*),H

!I*(,$96(+'7*&8$&*=+.

!9'<64=4,$I=+JK&'349@$,')C$L

[A
TL
-P
H
Y
S
-P
U
B
-2
01
0-
01
0]

• mSUGRA Discovery reach 
with 50% bkg systematic

• squarks/gluinos up to 700 
GeV

• exclusion beyond Tevatron at 
10/pb.

MC
ATLAS-PHYS-PUB-2010-010
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Diphoton+MET
• Look for 2 photons w/ ET>25 GeV 

and EHadT/ET<0.2

• UED signal expected at MET>75

• keep expected bkg to 1 

3.1/pb
arXiv:1012.4272

Submitted to PRL
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• Fix other model parameters 
(ΛR=20,N=6,MD=5 TeV)... put limit 
on 1/R > 728 GeV 

• D0 limit is at 477 GeV

• No GMSB limit calculated (not 
competitive with 3.1/pb) 
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Final Remarks
• LHC and ATLAS has performed remarkably.

• So have simulation and (N)NLO calculations.

• We expect at least 20x more data by end of 2011.

• So expect at large number of inclusive Jets + Leptons + 
MET searches from ATLAS soon... and throughout the 
few years. 

• We may not be as model independent as possible... 

• we’ve started...

• hopefully we’ll have the time to incorporate these 
approaches into our results. 
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Backup
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SUSY to UED
• Exact same searches 

give sensitivity to 
Minimal Universal 
Extra Dimensions

•  Provide similar 
reach in mass scale.

• Though our strategies 
are often inspired by a 
model (eg SUSY), our 
sensitivity is obviously 
not.
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Mapping to Signatures
• Even with heavy flavor restriction, multiple topologies map to 

each signature

• Here assume 100% branching ratios to b/t (light branching 
ratio has wider scope)

“4b+MET signature” “2b+MET signature” 

Let’s look at the topologies one by one...
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Gluino→ 4b-Jets + MET

• 4b Jet signature

• We find that:

• Observables such as Jet pT, Meff, and MET are nearly only sensitive ΔM(~g,χ0)

• Gluino mass affects mainly cross-section, not sensitivity 

• All 4 leading jets sensitive to mass difference

• Expect b-jets with low pT
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Squark→ 2 b-Jets + MET

• Considered 2 b-jet signature only

• 2 stop prod: more complicated final state is possible -> softer b-jets 

• We find that:

• Observables such as Jet pT, Meff, and MET are nearly only sensitive to ΔM(~b,χ0)

• Squark (partner) mass determines x-section, not sensitivity

• Two (b-)jets sensitive to mass difference

• Additional light jets not sensitive to mass difference (see 4th leading jet pT)

• Low overall jet multiplicity: largely unaffected by mass difference
43Monday, January 10, 2011



• 2b2t + MET

• 4 b-jet signature

• Top production creates more complicated 
final state

• Softer b-jets 

• Higher light jet multiplicity

• ΔM(~g,χ0) still main parameter for jet and 
MET kinematics

• Might expect two hard and two softer b-jets

Gluino→ t/b-Jets + MET

• 4t + MET

• 4 b-jet + MET signature

• ΔM(~g,χ0) determines available jet and LSP 
kinematics

• Moderated by top decay -> expect less sensitivity 
to mass difference

• Softer b-jets

• High (light) jet multiplicity (low pT)

• Requires rather large gluino partner mass
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Sub-system 
Performance
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Inner-Detector
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Inner-Detector

GOOD ALIGNMENT
Residuals

46Monday, January 10, 2011



!"#!$%&'(')&*%+,-.('/+0%(01%,-.2+.3(04-*%56784'79:5:*%%;.+'</0+

".(4=/0>%,-.2+.3(04-%7 .-4+0&'.)4'/+0%+2%?-&+0(04-&

!

"#

8@&-.<-1%(AA%3+&'%4A(&&/4%.-&+0(4-&B%C&*%CD*% *% *% *% *%E*%ED%(01%FG
H+3-0')3%&4(A-%=0+I0%'+%,-.3/A%/0%'J/&%.(0>-K%%?-&+A)'/+0%(&%-L,-4'-1%M1+3/0('-1%@N%3)A'/,A-%&4(''-./0>O
P++1%,-.2+.3(04-%+2%!"#!$%%'.(4=-.%(01%'.(4=/0>G<-.'-L/0>%(A>+./'J3

- -7

"+%-L'.(4'%&/>0(A%2.+3%@(4=>.+)01B
9%QH%4A)&'-.&%3('4J-1%'+%'.(4=&
," M-± '.(4=&O%R%S*%9%P-T
'.(4=%U)(A/'N*%4(A+ &J+I-.%&J(,-&
=-N%J(01A-B%A(.>-%'.(0&/'/+0%.(1/('/+0%/0%
"?"
/0<(./(0'%3(&&%2.+3%'.(4= ,(.(3-'-.&
(2'-.%V.-3 .-4+<-.N%MP$WO

$/>0(A%%%%%%%%%%%%%%%B%999%± 55%-<-0'&
V(4=>.+)01%%%%%%%B%9X%± 9%%-<-0'&%%%
H(&&%,-(=%%%%%%%%%B%YK:6± :K:5%P-T
H(&&%.-&+A)'/+0%B%:K:Z%± :K:5%P-T

5[

Inner-Detector

!"#!$%&'(')&*%+,-.('/+0%(01%,-.2+.3(04-*%56784'79:5:*%%;.+'</0+

".(4=/0>%,-.2+.3(04-%7 .-4+0&'.)4'/+0%+2%?-&+0(04-&

!

"#

8@&-.<-1%(AA%3+&'%4A(&&/4%.-&+0(4-&B%C&*%CD*% *% *% *% *%E*%ED%(01%FG
H+3-0')3%&4(A-%=0+I0%'+%,-.3/A%/0%'J/&%.(0>-K%%?-&+A)'/+0%(&%-L,-4'-1%M1+3/0('-1%@N%3)A'/,A-%&4(''-./0>O
P++1%,-.2+.3(04-%+2%!"#!$%%'.(4=-.%(01%'.(4=/0>G<-.'-L/0>%(A>+./'J3

- -7

"+%-L'.(4'%&/>0(A%2.+3%@(4=>.+)01B
9%QH%4A)&'-.&%3('4J-1%'+%'.(4=&
," M-± '.(4=&O%R%S*%9%P-T
'.(4=%U)(A/'N*%4(A+ &J+I-.%&J(,-&
=-N%J(01A-B%A(.>-%'.(0&/'/+0%.(1/('/+0%/0%
"?"
/0<(./(0'%3(&&%2.+3%'.(4= ,(.(3-'-.&
(2'-.%V.-3 .-4+<-.N%MP$WO

$/>0(A%%%%%%%%%%%%%%%B%999%± 55%-<-0'&
V(4=>.+)01%%%%%%%B%9X%± 9%%-<-0'&%%%
H(&&%,-(=%%%%%%%%%B%YK:6± :K:5%P-T
H(&&%.-&+A)'/+0%B%:K:Z%± :K:5%P-T

5[

!"#!$%&'(')&*%+,-.('/+0%(01%,-.2+.3(04-*%56784'79:5:*%%;.+'</0+

".(4=/0>%,-.2+.3(04-%7 .-4+0&'.)4'/+0%+2%?-&+0(04-&

!

"#

8@&-.<-1%(AA%3+&'%4A(&&/4%.-&+0(4-&B%C&*%CD*% *% *% *% *%E*%ED%(01%FG
H+3-0')3%&4(A-%=0+I0%'+%,-.3/A%/0%'J/&%.(0>-K%%?-&+A)'/+0%(&%-L,-4'-1%M1+3/0('-1%@N%3)A'/,A-%&4(''-./0>O
P++1%,-.2+.3(04-%+2%!"#!$%%'.(4=-.%(01%'.(4=/0>G<-.'-L/0>%(A>+./'J3

- -7

"+%-L'.(4'%&/>0(A%2.+3%@(4=>.+)01B
9%QH%4A)&'-.&%3('4J-1%'+%'.(4=&
," M-± '.(4=&O%R%S*%9%P-T
'.(4=%U)(A/'N*%4(A+ &J+I-.%&J(,-&
=-N%J(01A-B%A(.>-%'.(0&/'/+0%.(1/('/+0%/0%
"?"
/0<(./(0'%3(&&%2.+3%'.(4= ,(.(3-'-.&
(2'-.%V.-3 .-4+<-.N%MP$WO

$/>0(A%%%%%%%%%%%%%%%B%999%± 55%-<-0'&
V(4=>.+)01%%%%%%%B%9X%± 9%%-<-0'&%%%
H(&&%,-(=%%%%%%%%%B%YK:6± :K:5%P-T
H(&&%.-&+A)'/+0%B%:K:Z%± :K:5%P-T

5[

!"#!$%&'(')&*%+,-.('/+0%(01%,-.2+.3(04-*%56784'79:5:*%%;.+'</0+

".(4=/0>%,-.2+.3(04-%7 .-4+0&'.)4'/+0%+2%?-&+0(04-&

!

"#

8@&-.<-1%(AA%3+&'%4A(&&/4%.-&+0(4-&B%C&*%CD*% *% *% *% *%E*%ED%(01%FG
H+3-0')3%&4(A-%=0+I0%'+%,-.3/A%/0%'J/&%.(0>-K%%?-&+A)'/+0%(&%-L,-4'-1%M1+3/0('-1%@N%3)A'/,A-%&4(''-./0>O
P++1%,-.2+.3(04-%+2%!"#!$%%'.(4=-.%(01%'.(4=/0>G<-.'-L/0>%(A>+./'J3

- -7

"+%-L'.(4'%&/>0(A%2.+3%@(4=>.+)01B
9%QH%4A)&'-.&%3('4J-1%'+%'.(4=&
," M-± '.(4=&O%R%S*%9%P-T
'.(4=%U)(A/'N*%4(A+ &J+I-.%&J(,-&
=-N%J(01A-B%A(.>-%'.(0&/'/+0%.(1/('/+0%/0%
"?"
/0<(./(0'%3(&&%2.+3%'.(4= ,(.(3-'-.&
(2'-.%V.-3 .-4+<-.N%MP$WO

$/>0(A%%%%%%%%%%%%%%%B%999%± 55%-<-0'&
V(4=>.+)01%%%%%%%B%9X%± 9%%-<-0'&%%%
H(&&%,-(=%%%%%%%%%B%YK:6± :K:5%P-T
H(&&%.-&+A)'/+0%B%:K:Z%± :K:5%P-T

5[

GOOD ALIGNMENT

VERTEXED DECAYS

Residuals
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• J/ψ
• Sig/Bkg= 222 ± 11 / 28 ± 2 events

• Mass Mean/Res: 3.09± 0.01 / 0.07± 
0.01 GeV
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Residuals

46Monday, January 10, 2011



47Monday, January 10, 2011



Material

• Goal is to know Material 
better than 5%...

•  Currently 10% 
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8 • Rejection at 50% Eff =

•  >98% (light), >80%(charm)

• Improvement after reprocessing 
due to new alignment

 γ→ee  Conversion Vertex Radius
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Muons
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Muons
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Muons

• From J/ψ:

• Absolute momentum scale known to ~ 0.2%

• Momentum resolution to ~2 % in the few GeV region !"
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Electrons
• Many handles for identification: 

• loose: rough shower shape and track 

• medium: ref shower shape, pixel hit, d0 

• tight: track match, transition radiation, E/p

• Tight (>20 GeV) ~105
 Jet rejection

• Initial E-scale transported from test-beam with help from MC

• Inter-calibration Checked (to ~2%) with π0’s and Z’s
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2 Medium Electrons

• Z Resolution:  

•  σ(data) = 1.59±0.04 GeV 

•  σ(MC) = 1.40±0.01 GeV
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Photons
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Photons
• Tight Selection tuned to 

match MC: 

• rely heavily on shower 
structure in strip section 

• completed by isolation

• Jet rejection (leading π0) 
less effective than for 
electrons

• Retuning / better 
performance coming 
soon.
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Event Display Event Display

π0γ
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Standard Model
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Jet Events
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W/Z
• Fundamental milestones in the “rediscovery” of the Standard Model at 
√s = 7 TeV

•  Powerful tools to constrain q,g distributions inside proton (PDF)  
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• Z → ll for calibration of the 
detector to the ultimate 
precision 

• Tag/Probe for trigger/ID 
eff

•  Among backgrounds to 
searches for New Physics
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W Yield 3.11/pb
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After Good Lepton
Requirement

W→eνW→μν
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W Yield 3.11/pb
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After Good Lepton
Requirement

W→eνW→μν

After all cuts
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W Details
• W→eν:

• ET (e) > 20 GeV

• |η|<2.47 

• Tight electron 

• ETmiss > 25 GeV

• Transverse mass mT > 40 GeV

• Acceptance x efficiency: ~ 30%

• Expected S/B: ~ 15 Main

• Backgrounds: W→τν, QCD jets
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W Details
• W→eν:

• ET (e) > 20 GeV

• |η|<2.47 

• Tight electron 

• ETmiss > 25 GeV

• Transverse mass mT > 40 GeV

• Acceptance x efficiency: ~ 30%

• Expected S/B: ~ 15 Main

• Backgrounds: W→τν, QCD jets

• W→μν:

• pT(μ) > 20 GeV

• |η|<2.4 

• |ΔpT (ID-MS)| < 15 GeV

• Isolated; |Zμ-Zvtx|<1 cm

• ETmiss > 25 GeV

• Τransverse mass mT > 40 GeV

• Acceptance x efficiency: ~ 35%

• Expected S/B ~ 10 

• Main backgrounds : Z→μμ W→τν
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Z Details/Yield
• Z → ee: 

• 2 opposite-sign electrons 

• ET > 20 GeV

• |η|<2.47 

• medium electron 

• 66 < M (e+e-) < 116 GeV

• Acceptance x efficiency : ~ 30%

• Expected S/B ~ 100 

• Main background: QCD jets
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Z Details/Yield
• Z → μμ:

• 2 opposite-sign muons 

• pT >20GeV

• |η|<2.4

• |ΔpT (ID-MS)| < 15 GeV

• isolated; |Zμ-Zvtx|<1 cm 

• 66 < M (μ+μ-) < 116 GeV

• Acceptance x efficiency: ~ 35%

• Expected S/B > 100 

• Main backgrounds: tt, Z → ττ
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Z Details/Yield
• Z → μμ:

• 2 opposite-sign muons 

• pT >20GeV

• |η|<2.4

• |ΔpT (ID-MS)| < 15 GeV

• isolated; |Zμ-Zvtx|<1 cm 
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• Acceptance x efficiency: ~ 35%
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Top
• Lepton + Jets:  

• tt→bW bW→blν bjj

• σ ~ 70 pb

• 1 isolated lepton pT > 20 GeV 

• ETmiss > 20 GeV	


• ≥4 jets pT > 20 GeV 

• ≥1 b-tag jet

• Acceptance x efficiency ~ 30%

• 280/nb expected: 5 signal events
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Top
• Lepton + Jets:  

• tt→bW bW→blν bjj

• σ ~ 70 pb

• 1 isolated lepton pT > 20 GeV 

• ETmiss > 20 GeV	


• ≥4 jets pT > 20 GeV 

• ≥1 b-tag jet

• Acceptance x efficiency ~ 30%

• 280/nb expected: 5 signal events
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• Di Lepton:  

• tt→bW bW→blν blν

• σ ~ 10 pb

• 2 opposite ee, eμ,μμ
• both leptons pT > 20 GeV

• ≥ 2 Jets pT > 20 GeV 

• ee: ETmiss > 40 GeV, |M(ee)-MZ|> 5 GeV 

• μμ: ETmiss |M(μμ)-MZ|> 10 GeV 

• eμ: HT= ∑ET(leptons, jets) > 150 GeV

• Acceptance x efficiency ~ 25%

• 280/nb expected: 0.7 signal events
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Top
• Lepton + Jets:  

• tt→bW bW→blν bjj

• σ ~ 70 pb

• 1 isolated lepton pT > 20 GeV 

• ETmiss > 20 GeV	


• ≥4 jets pT > 20 GeV 

• ≥1 b-tag jet

• Acceptance x efficiency ~ 30%

• 280/nb expected: 5 signal events
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• Di Lepton:  

• tt→bW bW→blν blν

• σ ~ 10 pb

• 2 opposite ee, eμ,μμ
• both leptons pT > 20 GeV

• ≥ 2 Jets pT > 20 GeV 

• ee: ETmiss > 40 GeV, |M(ee)-MZ|> 5 GeV 

• μμ: ETmiss |M(μμ)-MZ|> 10 GeV 

• eμ: HT= ∑ET(leptons, jets) > 150 GeV

• Acceptance x efficiency ~ 25%

• 280/nb expected: 0.7 signal events

Observed 9 candidates: 
2 di-lepton and 7 lepton + Jets
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Top eμ Candidate
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• Analysis of new data with 
careful estimation of signal and 
background is ongoing
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Search for New Physics
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Excited Quarks
• Bump hunt in dijet mass

• Selection (315/nb and 3.1/pb):

• pT1,2 > 80,  30 GeV

• |η1,2|<2.5 and |Δη|<1.3

➡ Mass resolution: 13% (6%) at 200 (1000) GeV

• q* Model:

• Compositeness Scale: Λ=mq*

• f, f ’,fs = coupling = 1

• fs≠0 allows qg fusion production + dijet decays 

• PRL with 315/nb first published BSM from LHC 

• Beats CDF’s 260 GeV < mq* < 870 GeV [Phys Rev D79 112002 (2009)]

• Conf note with 3.1/pb: 

• 400 GeV < mq* < 1260 GeV 
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315/nb & 3.1/pb
Phys. Rev. Lett. 105, 161801 (2010)

ATLAS-CONF-2010-093
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Dijet Angular
Distributions

• Dijet angular distributions 
measured over a large angular 
range and with Mjj up to 2.8 TeV

• Distributions are in good 
agreement with QCD 
predictions.

• Quark contact interactions 95% 
CL exclusion: Λ > 3.4 TeV
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3.1/pb
arXiv:1009.5069

submitted to Phys. Lett. B

61Monday, January 10, 2011



High Multiplicity 
Final States

62Monday, January 10, 2011



High Multiplicity 
Final States
• Model Independent Search in final states with high 

multiplicity.

• Check invariant mass of n≥3 high pT objects

• Central Jets pT>40 GeV

• e/γ/μ pT>20 GeV

• Control Region: normalize data to MC

• ∑pT > 300 GeV and 300 GeV < Minv < 800 GeV

• Signal Region: look for deviations

• ∑pT > 700 GeV and Minv > 800 GeV

• No deviation from SM

• Upper limit (95% C.L.):

• σ x Acceptance = 0.34 nb
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W’
• Fermilab: mW’> 1 TeV 

• assuming the same couplings as those 
for the Standard Model W 

• Same data/analysis as W production

• Good agreement of mass tail with MC

• We can extend sensitivity around 5/pb 

• Discovery potential at 10-20/pb
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• Fermilab MZ’> 1TeV

• Expected exclusion:

• 100/pb ~ 1.3 TeV

• 1/fb ~ 1.8 TeV

• 100/pb sufficient for 
discovery of MZ’=1 TeV
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Higgs Potential
• Factor of 10 advantage in H 

production x-section over TeVatron

• Combination of γγ, ZZ, and WW 
channels

• MH<130 GeV γγ contributes

• 130<MH<200 GeV Limit dominated 
by WW 

• MH>200 GeV Limit based on ZZ

• Expected 1/fb 95% Exclusion: 

• 135 < MH <188 GeV

• bb and ττ channels will improve low 
mass sensitivity

• Can push BSM Higgs limits at 100/pb. 
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Improve the limits set by the H->WW. 

First conference notes with 
H ZZ and H
exclusion limits: ~Spring/Summer 2011.

H ZZ llbb, 
Typical selection criteria:

2 leptons with pT>20 GeV (2 additional ones with pT>7 GeV in case of H 4l ).

Typical trigger items used: e15_medium, e20_loose, 2e5_medium, mu20, 2mu10. 
4l-signal efficiency almost unaffected by the lepton trigger, up to 20 GeV thresholds.
Muon trigger affects the bb and similarly as in case of H WW. 

H 
Typical selection criteria:

2 photons, pT1>40 GeV, pT2 >25 GeV

Typical trigger items used: 2g10_loose, 2g15_loose, 2g20_loose. 
Signal efficiency unaffected by the di-photon trigger, up to 20 GeV thresholds.

limits from 
H WW alone

!"

See Jennifer Hsu’s Talk
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MET with high pT Jets

04/10/2010           M. Lefebvre - U. of Victoria, Canada - LAPP, France           LHC Days in Split 2010

Missing ET Performance
Dependence on event topology
• in events with large hadronic activity, for example with high pT jets, the 

missing ET resolution degrades
• applying calibration (LCW shown here) restores some of the lost 

resolution
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Keeping Perspective
• SUSY has served as a framework for building search strategies... but it’s a double edged sword:

• SUSY’s large parameter space provides a wide range of phenomenologies 

• but we must reduce number of dimensions to do manageable scans

• the SUSY break models have been the primary reduction mechanism

➡ So there has been a historical reliance on SUSY models like mSUGRA

• There is also a historical separation of searches into SUSY and Exotics

• While SUSY is very compelling, the broader interest is in finding deviations from SM. 

• Our primary motivations are hierarchy problem and dark matter.

• both point to new (hopefully related) TeV scale phenomena 

• If we observe a deviation, it’ll take some time to characterize it sufficiently to be able to pin 
down the underlying theory... we will not call it SUSY.

• Even though we say we are looking for SUSY and put limits on SUSY parameters, we know we 
shouldn’t be hung up on SUSY at this stage of the game...

• Hopefully our search strategies and interpretation of results will reflect this view in next 
the year... but not in the next set of results
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